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ABSTRACT 
 
The study on performance of low-cost adsorbent such as saw dust of Gmelina arborea 
(Ghambhari tree) in the removal of Chromium (VI) ion from aqueous solution is performed. The 
adsorbent material adopted was found to be an efficient media for removal of Chromium (VI) 
ion in continuous mode using fixed bed column. A comparative study has also been done on the 
adsorption capacity of saw dust of different mesh sizes. The column studies were conducted with 
a fixed column of diameter 7cms and a bed height of 50cms. The flow rate of solution passing 
through the adsorbent bed was maintained at a fixed value of 1litre/min. It was found that the 
metal uptake capacity (amount of removal) of Chromium (VI) ion decreased but the adsorption 
capacity (percentage of removal) increased with the decrease in the concentration of chromium 
(VI) in the initial sample solution. It was also observed that the order of metal uptake capacity & 
adsorption capacity of saw dust of different ISS mesh size for removal of Chromium (VI) 
removal was as follows: (-30 +10) > (-50 +30) > (-70 +50) . 
Keywords: Adsorption, Gmelina arborea, Chromium(VI), Continuous Fixed-bed column 
experiments 
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1. INTRODUCTION 
Chromium exists usually in both trivalent and hexavalent forms in aqueous systems. The two-
oxidation states of chromium have different chemical, biological and environmental 
characteristics [1]. Cr(III) is relatively insoluble and required by microorganisms in small 
quantities as an essential trace metal nutrient [2], while Cr(VI) is a great concern because of its 
toxicity. Cr(VI) has been reported to be a primary contaminant to humans, animals, plants and 
microorganisms and it is known to be carcinogenic [3–5]. Chromium is used in a variety of 
industrial applications; hence, large quantities of chromium are discharged into the environment. 
Sources of chromium waste leading to water pollution includes electroplating, steel fabrication, 
paints and pigments, mining, leather tanning, textile dyeing, aluminum conversion coating 
operations, plants producing industrial inorganic chemicals and wood treatment units [6–8]. Due 
to environmental concern, discharge limits of both Cr(III) and Cr(VI) have been instituted by 
most industrial countries. Their concentration in industrial wastewaters ranges from 0.5 to 270 
mg/L [7]. The tolerance limit for Cr(VI) for discharge into inland surface waters is 0.1 mg/L and 
in potable water is 0.05 mg/L [9,10]. The Ministry of Environment and Forest (MOEF); 
Government of India has set minimal national standards (MINAS) of 0.1 mg/L for safe discharge 
of effluent containing Cr(VI) in surface water [11]. In order to comply with this limit, it is 
essential that industries treat their effluents to reduce the Cr(VI) concentration in water and 
wastewater to acceptable levels before its transport and cycling into the natural environment. 
Therefore, the level of chromium in final effluent has to be reduced by the application of 
appropriate technology. In wastewater treatment, various methods are utilized to remove 
chromium. These include reduction followed by chemical precipitation [12], ion exchange [13], 
electrochemical precipitation [14], reduction [15], adsorption [16], solvent extraction [17], 
membrane separation [18], concentration [19], evaporation, reverse osmosis and bio-sorption 
[20,21] and emulsion per traction technology [22]. 
Adsorption is by far most versatile and effective method for removing any contaminants like 
heavy metal, especially, if combined with appropriate regeneration steps. This solves the 
problem of sludge disposal and renders the system more economically viable, especially if low-
cost adsorbents are used [23]. In the last few years, several approaches have been reported in this 
direction utilizing inexpensive and effective adsorbent for removal of Cr(VI) from aqueous 
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solutions. The advantages of the low-cost adsorbents over the conventional adsorbents are as 
follows: 
(1) The efficiencies of various non-conventional adsorbents towards adsorbate removal vary 
generally between 50% and 90% depending on the characteristics and particle size of the 
adsorbent, and the characteristics and concentration of the adsorbate, etc. Hence, low-cost 
adsorbents can be employed efficiently in removal of heavy metals. 
(2) Non-conventional adsorbents are much cheaper relative to conventional adsorbents, and 
when readily available locally lead to much reduced transportation costs. 
(3) Non-conventional adsorbents require simple alkali/and or acid treatment for the removal of 
lignin before application in order to increase their efficiency. 
(4) Non-conventional adsorbents require less maintenance and supervision. 
The materials developed for this purpose range from industrial wastes to agricultural waste 
products, biomass and various solid substances. Some examples are hydrous concrete particles 
[24], paper mill sludge [16], seaweed biosorbent [25], tannin gel particles [26], sugar beet pulp 
[27], wheat bran [28], leaf mould [29], coniferous leaves [30], activated groundnut husk carbon 
[31], coconut husk and palm pressed fibers [32], coconut shell, wood and dust coal activated 
carbons [33], coconut tree sawdust carbon [34], used tyres carbon [35], cactus, olive stone/cake, 
wool, charcoal, and pine needles [36], rice husk carbon [37], moss [38], sphagnum moss peat 
[39], hazelnut shell carbon [40,41], almond shell carbon [42], corncob [43], cow dung carbon 
[44], agricultural wastes [45], waste slurry [46], carbon slurry [47], lignocellulosic solid wastes 
[48], charred rice husk and activated charcoal and eucalyptus bark [49] have been reported in 
literature. 
However, to cover this problem, more work and investigations are needed to deal with other 
locally available and economically viable adsorbents to eliminate Cr(VI) from aqueous solutions 
having different composition and characteristics. In this project we have studied the efficiency of 
saw dust of Gmelina arborea (locally known as Ghambhari tree) in the removal of Cr(VI) from 
solution. A comparative study has also been done on the adsorption capacity of saw dust of 
different mesh sizes. 
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2.1. HARMFUL EFFECTS OF HEAVY METALS 
Ever increasing industrial activity is the main culprit behind most environmental pollution 
problems and ecosystem damage, coming from the accumulation of pollutants such as toxic 
metals chromium, copper, lead, cadmium, zinc, nickel, etc. [48]. Contamination of soils, 
groundwater, sediments, surface water and air with hazardous and toxic chemicals poses 
significant problems for both human health and the environment [49]. Heavy metals are 
considered to be particularly dangerous pollutants. Their presence in the wastewater of several 
industrial processes, such as electroplating, metal finishing, metallurgical work, tanning, 
chemical manufacturing, mining and battery manufacturing, has brought about more 
environmental concerns due to their toxicity even at low concentrations [50–52]. In view of the 
human health impacts, each metal imparts different effects and symptoms. For instance, in the 
case of minor zinc exposure, irritability, muscular stiffness, loss of appetite and nausea are 
common [53]. Chromium [54], on the other hand, can cause cancer in the digestive tract and 
lungs [55], while manganese (Mn) triggers neurotoxicity, low hemoglobin levels, and 
gastrointestinal accumulation [56].As another example, copper consumption in high doses brings 
about serious toxicological concerns since it can be deposited in the brain, skin, liver, pancreas, 
and myocardium [57], and initiates intestinal distress, kidney damage and anemia [58]. Lead (Pb) 
has been cited as one of the three most toxic heavy metals that have latent long-term negative 
impacts on health, causing anemia, encephalopathy, hepatitis and nephritic syndrome [59]. 
Cadmium also exposes human health to severe risks, as it can provoke cancer, kidney damage, 
mucous membrane destruction, vomiting, diarrhea, bone damage, and itai-itai disease, as well as 
affect the production of progesterone and testosterone [60]. Moreover, the presence of nickel 
exceeding its critical level might bring about serious lung and kidney problems aside from 
gastrointestinal distress, pulmonary fibrosis and skin dermatitis [61]. Finally, mercury has been 
identified for its nervous system deterioration, including protoplasm poisoning [62]. 
 
2.2. REMOVAL OF HEAVY METALS FROM WATER AND WASTE WATER 
Several contender technologies exist to eliminate heavy metals from industrial wastewater, 
including reduction followed by adsorption on miscellaneous adsorbents [63,64], supercritical 
fluid extraction [65], ion exchange [66], ion flotation[67], electrocoagulation [68], high-gradient 
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magnetic separation[69], micellar-enhanced ultrafiltrationtc [70] etc.. Most methods seem to be 
almost equally effective. However, further consideration of suitability places a large portion of 
them outside of industrial scale applications due to the high capital investment and operational 
costs involved. Specifically speaking, the most effective and versatile technique for heavy metal 
removal, even at very low concentrations, is adsorption. However, the high price of adsorbents 
(usually activated carbon) is regarded as the major obstacle for industrial application. From an 
economic point of view, it is infeasible to utilize activated carbon for commercial wastewater 
treatment. To that end, the focus of heavy metal adsorption studies has been altered toward 
natural materials that are available in vast amounts, as well as certain waste products from 
industrial and agricultural operations [71]. 
 
2.3. BIOSORPTION OF HEAVY METALS 
Based upon the metal binding capacities of various biological materials, biosorption can separate 
heavy metals from wastewater [72]. Lately, biosorption has emerged as a cost-effective and 
efficient alternative for application to low strength wastewaters [73]. Biosorption, a term used 
here to describe the removal of heavy metals using a passive binding process with nonliving 
microorganisms including bacteria, fungi, and yeasts [74], and other biomass types that are 
capable of efficiently collecting heavy metals. Obviously, some of the advantages biosorption 
has over conventional treatment methods include low cost, high efficiency for dilute 
concentration solutions, a minimal amount of chemical and/or biological sludge, no additional 
nutrients required and the possibility of biosorbent regeneration and metal recovery [72]. The 
sorption of heavy metals onto these biomaterials is attributed to their constituents, which are 
mainly proteins, carbohydrates and phenolic compounds, since they contain functional groups 
such as carboxylates, hydroxyls and amines, which are able to attach to the metal ions [75]. 
Heavy metal accumulation in aquatic organisms, which is an active process involving metabolic 
activity within living organisms, has been studied by several researchers since 1978 [76–80]. 
Biosorption onto biomass, an entirely different process from bioaccumulation, was pioneered by 
Volesky’s group from McGill University in 1981 [81]. At present, the biosorption field has been 
enriched by a vast amount of studies published in different journals. Although in the beginning 
most researchers focused their efforts upon heavy metal accumulation and concentration within 
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living organisms [82–85], upon noticing that dead biomass possesses high metal-sorbing 
potential [86], their interest shifted to biosorption [87–104]. This is mainly due to the abundant 
availability, adsorption capacity and economic value of agricultural, plant tissue and industrial 
wastes, which has made them the main subject for biosorption research during the last decade 
[105–115]. 
Several reviews are available that discuss the use of biosorbents for the treatment of water and 
wastewater containing heavy metals [116–139]. One of the most productive biosorption research 
groups is Volesky’s group. During the last three decades, his group has written several review 
papers, of which some are cited within this paper [117,121,127,131,134]. Their review papers 
cover a multitude of aspects affecting heavy metal removal using biosorbents. For example, in 
1995, Volesky and Holan [117] compiled more than 110 papers published between 1943 and 
1995. Their review contains an assessment of adsorption performance, biosorption by industrial 
biomass types and biosorption by seaweed materials. Examples of biosorption of several heavy 
metals on several types of biosorbents are also mentioned. 
Kratochvil and Volesky discussed accomplishments in the biosorption area from 1978 to 1997 
[121]. They summarize metal binding capacities for numerous biomass types under different 
tested operation parameters. Accordingly, the most encountered mechanism is the ion exchange 
mechanism. Recognition of ion exchange between protons and heavy metals, contribution of 
surface functional groups in ion exchange processes and ion exchange isotherm development are 
presented in their review. 
Reliable sorption equilibria and kinetic data are of substantial value for adsorption separation 
system design. A majority of biosorption studies have been devoted to this end. Furthermore, a 
combination of basic equilibrium sorption data, sorbate behavior in solution, sorbate uptake 
mechanisms, mass transfer characteristics and fluid dynamic characteristics is required for the 
design of adsorption systems [131]. Illustrations and descriptions of how to employ this 
information simultaneously within suitable mathematical models for predicting sorption column 
performance were given in Volesky’s review published in 2003 [131]. 
Recently, Volesky wrote a review titled “Biosorption and me” [134]. This interesting paper 
covers almost all of the author’s work. Taking into account his experience in biosorption, 
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Volesky classified his work into several sections, namely biosorption and its interdisciplinary 
challenge, metal’s threat to the environment, the mystery of biomass-metal interactions, sorption 
equilibrium and where mistakes are made, process considerations and sorbent regeneration, and 
how to model and optimize biosorption performance, including the future of biosorption. Later in 
this review, he also made an analogy that the current state of heavy metal biosorption is only the 
“tip of the iceberg” to express its unlimited prospects. Likewise, biosorption is predicted to be of 
exceptional advantage for the purification and recovery of high-value products, including 
proteins, steroids, pharmaceuticals, and drugs. 
Apart from Volesky’s groups, other researchers also provide several reviews that are worthy of 
mention. For instance, structural modifications of bacteria through alteration of their 
polysaccharide backbone or side chains or through sugar modification for biosorption purposes 
have been performed by many research groups. Progress on this topic was covered by Gutnick 
and Bach [123]. They focus their discussion on several issues, namely cation binding to specific 
bacterial biopolymers, binding of cations by amphipathic biopolymers, molecular approaches to 
biopolymer modification and preparations, and also potential application for metal sequestration. 
This review presents useful information on polymer engineering applications within the 
biosorption area [123]. They further remark that the benefits associated with enhanced specificity 
and cation-binding capacity should be examined to judge the economic competitiveness of 
polymer engineering for industrial applications. 
Further on, Ahluwalia and Goyal [133] condensed more than a few studies about applications of 
microbial- and plant-derived biomass to sequester metal ions from solutions. Some conventional 
techniques utilized to remove heavy metals from industrial effluents, as well as the advantages 
and disadvantages of biosorption processes, were mentioned. They also added sections 
explaining the use of different surface and structural characterization methods, such as SEM, 
XPS, and EDAX, to determine biosorption mechanisms. 
Shukla et al. [126] put emphasis on the role of sawdust for water treatment. The adsorption 
mechanism, influencing factors and favorable conditions for different sawdust materials were 
discussed. A statistical review on the biosorption of Cd(II), Cu(II), Ni(II), Pb(II) and Zn(II) using 
algae was also provided by Romera et al. [128]. Their review covered 54 studies on 37 different 
algae (20 brown algae, 9 red algae and 8 green algae). Another review on the utilization of 
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brown algae for heavy metal biosorption was done by Davis et al. [127]. The focus of Davis’s 
review was the biochemistry of biosorption, which revolved around a detailed description of the 
macromolecular conformation of the alginate biopolymers, metal binding mechanisms and the 
role of cellular structure, storage polysaccharides and cell wall and extracellular polysaccharides 
on metal sequestration [127]. 
The state-of-the-art review in the field of heavy metal biosorption employing Saccharomyces 
cerevisiae was compiled by Wang and Chen [129], and stemmed from an immense number of 
publications from1990 to 2005. Yeast-utilized biosorption depends largely on pH, the initial 
metal ion to biomass concentration ratio, culture conditions, the presence of various ligands and 
competitive metal ions in solution, and, to a more limited extent, temperature. Still, another 
equally good review has been presented by Lodeiro et al. [130] that stressed the importance of 
thermodynamic and kinetic aspects to fully understand the biosorption process. 
Finally, a summary paper on the performance of agricultural waste materials as biosorbents for 
heavy metals is written by Sud et al. [135]. They compiled quite a lot of work on heavy metal 
biosorption using cellulosic agricultural wastes. Another paper with similar content by Nurchii 
and Villaescusa should also be referred to interested readers [137]. 
 
2.4.  AGRICULTURAL WASTE AND OTHER CELLULOSIC MATERIALS AS 
ALTERNATIVE ADSORBENTS 
Despite the availability of numerous techniques for the treatment of effluents with heavy metals, 
adsorption is constantly viewed as a highly effective technique for this purpose, especially in low 
metal concentration solutions. 
Agricultural by-products are mostly composed of lignin and cellulose, as well as other polar 
functional group-containing compounds, which include alcohols, aldehydes, ketones, 
carboxylates phenols and ethers. These groups are able to bind heavy metals through 
replacement of hydrogen ions with metal ions in solution or by donation of an electron pair from 
these groups to form complexes with metal ions in solution [140]. 
The capability of several cheap agro-based materials, namely almond shell (AS), crushed 
coconut shell (CS), ground nut shell (GS), Tamarindus indica seed (TS), and walnut shell (WS), 
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for Cr(VI) subtraction have been evaluated [24]. By comparing the adsorption capacity of five 
low cost sorbents, Agarwal et al. [71] concluded that the use of tamarind seed as an alternative 
adsorbent is more economical and worthwhile than other conventional methods. They also noted 
that the removal of Cr(VI) ions by tamarind seed is significantly reduced with a pH increase, 
slightly decreased with ionic strength enhancement and enhanced with rising temperature. It is 
suggested that chemisorption is the most plausible mechanism involved. 
Azadirachta indica (neem) is a typical tree in the mahogany family of Meliciae. Products derived 
from neem have proven to possess therapeutic value such as anthelmintic, antifungal, 
antidiabetic, antibacterial, antiviral, anti-infertility and sedative activities. Several researchers 
have investigated the prospects of neem leaf as an alternative adsorbent for Cr(VI), Cd(II) and 
Pb(II) [141–146]. Sharma and Bhattacharyya [142] utilized Azadirachta indica (Neem Leaf 
Powder) to extract chromium(VI) from solution. The adsorption was carried out in a batch 
process using different concentrations of metal ions in aqueous solution in parallel with variation 
in the adsorbent amount, pH, agitation time and temperature. The suitability criteria of the 
adsorbent were checked by the Langmuir and Freundlich isotherms, and also by various 
equilibrium kinetic data. On the basis of the Langmuir model, they obtained an adsorption 
capacity of neem leaf powder for Cr(VI) of 0.0028 mmol/g. A relatively low amount of 
Azadirachta indica (Neem Leaf Powder) (1.6 g dm−3) could remove as much as 87% of Cr(VI) 
from a dilute solution (0.137 mmol/L) during a 300 min period at 300K. The optimum pH range 
in their study was 4.5–7.5. In a separate study, Babu and Gupta [141] also exploited activated 
Azadirachta indica (Neem Leaf Powder) as a biosorbent. By modifying the physical structure 
and surface chemistry of the neem leaf via an activation process, the adsorption capacity could 
be significantly enhanced. 
Azadirachta indica (Neem Leaf Powder) was considered as a good adsorbent for cadmium from 
simulated wastewater [146]. In the adsorption of Cd(II) on Azadirachta indica (Neem Leaf 
Powder), pH had a considerable effect upon the removal percentage. A rise of pH from 4 to 9.5 
resulted in an 11-fold enhancement of removal efficiency (8.8–93.6%). While the removal 
performance was better at higher pH, the effectiveness of Azadirachta indica (Neem Leaf 
Powder) to remove Cd(II) is still questionable, since no further information about the Cd(II) 
removal percentage caused exclusively by adsorption or precipitation is given. At high pH 
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(above 8.6), it is likely that Cd(II) precipitates into its hydroxide, since the initial concentration 
used in their study (0.325 mmol/L) already surpasses the thermodynamic solubility limit of 
Cd(II) (around 0.07mmol/L) [147]. Therefore, the 11-fold enhancement of removal efficiency of 
Cd(II) would be better attributed to the higher extent of Cd(II) precipitation as its hydroxide at 
higher pH rather than the adsorption process. 
Chaff is an agricultural by-product that contains fiber and protein along with some functional 
groups, and is mainly given to livestock and poultry as food [148]. Numerous functional groups 
such as carboxylates, hydroxyls, amidogens, etc. are also encountered within chaff. Han et al. 
[148] performed a sorption process with chaff in a fixed-bed column. Several operation 
variables, represented by pH, flow rate, influent concentration of solution and co-existing ions 
were varied to reveal its effect on the removal performance. In addition, adsorption and 
desorption recycles of chaff were tried to arrive at a conclusion that their reuse would be 
feasible. 
Another study has also included pectin, an anionic plant cellwall polysaccharide based on a-(1–
4) linked d-galacturonic acid, which is commercially available by extraction from pectin-rich 
sugar-beet pulp, apple pomace and citrus peels [149]. Some degree of similarities exists between 
pectin structures and alginate, denoting its potential as an alternative sorbent. Schiewer and Patil 
[149] compared Cd(II) uptake capacities and stability of several pectin rich fruit wastes. Citrus 
peels were identified as the most superior alternative adsorbent for its high metal uptake in 
conjunction with physical stability. 
Coconut copra meal is a by-product of coconut oil production, and is characterized by the 
presence of functional groups such as alcohols and carboxylic acids, on its surface. This material 
has been employed as a biosorbent for cadmium removal from wastewater [150]. The initial pH 
of the solution and cadmium concentration, in particular, significantly affects cadmium sorption 
onto copra meal. 
Pino et al. [48,151] examined the capability of green coconut shell powder to adsorb three heavy 
metals. Coconut shell accommodates lignin acid and cellulose, which bears various polar 
functional groups for metal binding, namely carboxylic and phenolic acid groups. The sorption 
capacities of coconut shell for cadmium, chromium, and arsenic were probed at different particle 
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sizes (0.044–0.297 mm), initial metal concentration (0.385–19.232 mmol/L) and pH values (2–9) 
in batch mode. In their study, as-obtained experimental data for each metal were also evaluated 
and fitted with Langmuir and Freundlich isotherms, while the kinetic data were interpreted with 
pseudo-first and second order models. 
It is revealed that a major rice bran fraction contains 12%-13% oil and highly unsaponifiable 
components. In view of its abundant availability and ease of retrieval as an unused by-product, 
Wang et al. [152] conceived the possibility of using this material as an alternative adsorbent for 
zinc removal from synthetic wastewater. They also studied the influence of parameters such as 
pH, temperature, particle size and adsorption time on sorption capacity. The results underscore 
the importance of pH on zinc sorption capacity, while to a certain extent; the capacity also relies 
upon sorbent size. 
Plant materials are comprised of cellulose materials that are capable of adsorbing heavy metal 
cations within aqueous medium. The treatment of agricultural waste materials have been and still 
are a vital environmental concern, since they represent unused resources that need to be disposed 
of properly. The impending use of teawaste from Srilankan tea as a biosorbent for Cu(II) and 
Pb(II) removal from wastewater has been studied by Amarasinghe and Williams [153]. Their 
assessment on the adsorption capacity of tea waste-based granular activated carbon confirms 
these materials potential. 
Likewise, another biodisposability material commonly acquired as by-products from the 
industrial treatment of wheat bran is also worthy of mention. This material has been employed as 
a media for detoxification of two heavy metal ions, Cu(II) and Zn(II), from aqueous solution 
[154]. Batch experimental results showed that the retention capacity of the lignocellulosic 
substrate was 0.199mmol/g at pH 4.5 for Cu(II) and 0.239 mmol/g at pH 6.5 for Zn(II). 
Furthermore, the metallic cations were found attached in a complexation reaction to the lignin 
and fatty acid functional groups within the lignocellulosic substrate, i.e., alcohols, ketones and 
carboxylic acids. 
Other low cost and widely available natural materials are represented by almond shell, hazelnut 
and walnut [114], birch wood [108], Cassia fistula (Golden Shower) biomass [156], coconut 
fiber [157], lemon peel [158], Moringa oleifera seeds [159], neem oil cake [160], olive pomace 
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[161], orange peel [162], palm flower [115], pine bark [163], pomegranate peel [164], ponkan 
peel [165], reed [166], rice husk [167], rice straw[168], sour orange residue [169], and yellow 
passion fruit shell [170], and they have lucratively been applied as biosorbents to eliminate 
metals from aqueous media. With the aim of increasing biosorption capacity, modifications of 
the biosorbent surface have been carried out [157,161–163,166,167,169]. For instance, Igwe et 
al. [157] conducted a thiolation of coconut fiber, whereas Argun and Dursun [163] altered the 
surface properties of pine bark using the Fenton reagent. Alteration of the surface of olive 
pomace by phosphoric acid and hydrogen peroxide exposure was claimed to improve the 
sorption properties of this material as well [161]. These modification processes tend to improve 
the adsorption capacity of the biosorbents. 
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3.1. PREPARATION OF ADSORBATE SOLUTION 
The stock solutions of Cr(VI) of concentration 1000 ppm was prepared by dissolving 0.2828 
grams of analytical grade of K2Cr2O7 in 100ml of RO distilled water. The stock solution was 
further diluted with RO distilled water to desired concentration for obtaining the standard 
solutions for absorbance measurement. The sample solutions which were to be treated with the 
adsorbent were also prepared similarly by dissolving required quantity of the above mentioned 
salt in RO distilled water. 
3.2. PREPARATION OF ADSORBENT 
Raw saw dust of Gmelina arborea (locally known as Ghambhari tree) was obtained from nearby 
saw mill. It was then screened to get particles of five different sizes i.e  (+ 70) , (- 70 + 50) , (- 50 
+30) , (- 30 + 10) & (- 10) ISS mesh. The above fractions of saw dust were washed with 
sufficient quantity of RO distilled water until it gave a clear transparent solution. Only then the 
prepared Cr(VI) solutions were passed through them in the bed to study their adsorption 
capacity. The fractions (+70) & (-10) were not used in the present study as they were found to be 
inconvenient due to excessive channeling effect & formation of paste like substance respectively. 
 
Fig.1 Saw dust of (+70) ISS Mesh size  
19 
 
 
Fig.2 Saw dust of (-70 +50) ISS Mesh size 
 
 
Fig.3 Saw dust of (-50 +30) ISS Mesh size 
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Fig.4 Saw dust of (-30 +10) ISS Mesh size  
 
 
Fig.5 Saw dust of (-10) ISS Mesh size 
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3.3. MEASUREMENT OF Cr (VI) IN AQUEOUS SOLUTIONS  
 
There are some components within the sawdust that may reduce the Cr(VI) to Cr(III). Therefore, 
oxidation of Cr(III) within the samples to Cr(VI) is necessary before the analysis of each sample. 
Cr ions within the samples were oxidized by using potassium permanganate in acidic medium. 
The violet color that forms as a result of the reaction between the Cr(VI) ions and 1,5-diphenyl 
carbazide in acidic medium, was measured by using JASCO V-530 UV/VIS - Spectrophotometer 
at 540 nm. The lowest limit of this method is 0.01 mg/L and the best suitable measurement range 
is 0.5 - 5.0 mg/L(ppm) . For samples containing concentrations in the range 5.0 – 100.0 mg/L, 
the absorbance of pure K2Cr2O7 solution at 313nm was taken as standard .Therefore, in order to 
obtain the unknown concentration of treated solutions, the samples were diluted before the 
measurements and measured values were multiplied by the dilution factor. 
 
3.4. COLUMN STUDIES : 
The fixed-bed column had 7.0 cm internal diameter and was 60 cm in height. The bed length 
used in every experiment was fixed at 50 cm. The bed was filled with the saw dust upto the 
specified height of the column and different size of the adsorbent was used as specified for each 
experiment.  In every experiment the metal solution of a known concentration was pumped at a 
fixed flow rate of 1 litre/min to the column filled with known bed height of adsorbent. The above 
fixed flow rate into the fixed column was maintained with the help of monitoring a bypass 
stream. The samples solution after passing through the adsorbent in the fixed bed column was 
again recycled back into the sample reservoir tank so that there is a continuous adsorption of 
Chromium ion. Samples for analysis of Chromium ion concentration were collected at a regular 
interval of 30 mins from the bottom of the sample reservoir tank. The saw dust used inside the 
fixed bed column was replaced by a fresh batch of saw dust at the beginning of each of 
experiment.  
The metal uptake capacity (amount of removal of chromium ion) and the adsorption capacity 
(percentage of chromium ion removal) were calculated using the following equations: 
 
Metal Uptake Capacity = Initial Chromium ion conc. – Final Chromium ion conc. 
Adsorption Capacity (%) = (Metal Uptake Capacity X 100) / Initial Chromium ion conc. 
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3.5. EXPERIMENTAL SET - UP : 
 
The experimental set-up and the schematic diagram of the set-up is shown as below: 
 
 
 
Fig.6 Experimental set-up 
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Fig.7 Schematic diagram of lab scale column study 
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 4.1. STUDY OF ADSORPTION CAPACITY
EXPERIMENTAL SPECIFICATIONS
Bed height of adsorbent = 50 cms
Adsorbent size used = (-50 +30) IS
Flow rate of solution through the bed = 1 litre/min
For 1
st
 RUN 
Initial Cr
+6
 solution conc. = 500ppm (14.14 gms of K
Table – 1  Conc. of solution at different 
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity = 500ppm 
Adsorption Capacity = (125 x 100)/500 =  25 %
Fig 8. Cr
+6
  Conc. Vs Time plot (
 
 
 
S Mesh size saw dust 
 
2Cr2O7 in 10 litres of RO distilled water)
time interval (Initial solution conc = 500ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
468.9 9. 4.5 
450.2 10. 5.0 
436.1 11. 5.5 
423.8 12. 6.0 
414.1 13. 6.5 
405.9 14. 7.0 
397.7 15. 7.5 
392.8 16. 8.0 
– 375ppm = 125ppm 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 500ppm)
25 
 
 
 
387.9 
385.3 
382.2 
380.0 
377.9 
377.1 
375.9 
374.9 
 
 
 For 2
nd
  RUN 
Initial Cr
+6
 solution conc. = 375ppm (10.61 gms of K
 
Table – 2  Conc. of solution at different time interval
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity  = 375ppm 
Adsorption Capacity = (108 x 100)/375 = 28.8 %
 
Fig 9. Cr
+6
  Conc. Vs Time plot (
 
 
 
2Cr2O7 in 10 litres of RO distilled water)
 (Initial solution conc = 375ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
346.8 9. 4.5 
328.9 10. 5.0 
314.2 11. 5.5 
300.8 12. 6.0 
293.9 13. 6.5 
289.1 14. 7.0 
284.8 15. 7.5 
282.0 16. 8.0 
– 267ppm = 108ppm 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 375ppm)
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278.8 
276.1 
274.1 
272.0 
270.1 
269.1 
267.9 
266.9 
 
 
 For 3
rd
  RUN 
Initial Cr
+6
 solution conc. = 267ppm (7.55 gms of K
 
Table – 3  Conc. of solution at different time interval 
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity = 267ppm 
Adsorption Capacity = (92 x 100)/267 = 34.45 %
 
Fig 10. Cr
+6
  Conc. Vs Time plot (
 
2Cr2O7 in 10 litres of RO distilled water)
(Initial solution conc = 267ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
245.1 9. 4.5 
228.9 10. 5.0 
219.1 11. 5.5 
210.2 12. 6.0 
202.8 13. 6.5 
198.0 14. 7.0 
192.9 15. 7.5 
189.7 16. 8.0 
– 175ppm = 92ppm 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 267ppm)
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186.9 
184.0 
182.0 
179.8 
178.1 
177.1 
176.0 
174.9 
 
 
 For 4
th
  RUN 
Initial Cr
+6
 solution conc. = 175ppm (4.95 gms of K
 
Table – 4  Conc. of solution at different time interval (
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity = 175ppm 
Adsorption Capacity = (76 x 100)/175 = 43.42 %
 
Fig 11. Cr
+6
  Conc. Vs Time plot (
2Cr2O7 in 10 litres of RO distilled water)
Initial solution conc. = 175ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
158.3 9. 4.5 
146.1 10. 5.0 
137.8 11. 5.5 
131.9 12. 6.0 
127.0 13. 6.5 
122.0 14. 7.0 
118.2 15. 7.5 
113.9 16. 8.0 
– 99ppm = 76ppm 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 175
28 
 
 
 
111.0 
107.7 
105.8 
104.1 
102.2 
101.1 
99.9 
98.8 
 
ppm) 
 For 5
th
  RUN 
Initial Cr
+6
 solution conc. = 99ppm (2.80 gms of K
 
Table – 5  Conc. of solution at different time interval 
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity = 99ppm 
Adsorption Capacity = (56 x 100)/99 =  56.66 %
 
Fig 12. Cr
+6
  Conc. Vs Time plot (
2Cr2O7 in 10 litres of RO distilled water)
(Initial solution conc. = 99ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
88.1 9. 4.5 
79.9 10. 5.0 
74.2 11. 5.5 
68.9 12. 6.0 
65.1 13. 6.5 
62.1 14. 7.0 
59.1 15. 7.5 
56.0 16. 8.0 
– 43ppm = 56ppm 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 99ppm)
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53.8 
52.1 
50.2 
47.9 
46.1 
45.2 
44.0 
43.1 
 
 
 For 6
th
  RUN 
Initial Cr
+6
 solution conc. = 43ppm (1.22 gms of K
 
Table – 6  Conc. of solution at different time interval (
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity = 43ppm 
Adsorption Capacity = (31 x 100)/43 =  72.09 %
Fig 13. Cr
+6
  Conc. Vs Time plot (
2Cr2O7 in 10 litres of RO distilled water)
Initial solution conc. = 43ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
34.1 9. 4.5 
29.2 10. 5.0 
26.8 11. 5.5 
24.9 12. 6.0 
23.1 13. 6.5 
22.0 14. 7.0 
21.1 15. 7.5 
19.9 16. 8.0 
– 12ppm = 31ppm 
 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 43ppm)
30 
 
 
 
19.0 
18.1 
17.0 
15.9 
14.8 
13.9 
12.8 
11.9 
 
 
 For 7
th
  RUN 
Initial Cr
+6
 solution conc. = 12ppm (0.34 gms of K
 
Table – 7  Conc. of solution at different time interval 
Sl.No. Time 
( in hr.) 
Concentration       
1. 0.5 
2. 1.0 
3. 1.5 
4. 2.0 
5. 2.5 
6. 3.0 
7. 3.5 
8. 4.0 
 
Calculations : 
Metal Uptake Capacity = 12ppm 
Adsorption Capacity = (10.2 x 100)/12 =  85 %
 
Fig 14. Cr
+6
  Conc. Vs Time plot (
2Cr2O7 in 10 litres of RO distilled water)
(Initial solution conc. = 12ppm)
(in ppm) 
Sl.No. Time 
( in hr.) 
Concentration       
(in ppm)
10.1 9. 4.5 
9.1 10. 5.0 
8.1 11. 5.5 
7.2 12. 6.0 
6.2 13. 6.5 
5.4 14. 7.0 
4.8 15. 7.5 
4.4 16. 8.0 
– 1.8ppm = 10.2ppm 
 
Adsorbent size = -50 +30 ISS Mesh, Initial solution conc = 12ppm)
31 
 
 
 
3.9 
3.4 
2.9 
2.4 
2.2 
2.0 
1.9 
1.8 
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4.2. STUDY OF EFFECT OF SIZE ON ADSORPTION CAPACITY 
Bed height of adsorbent = 50 cms 
Initial Cr
+6
 solution conc. = 500ppm (14.14 gms of K2Cr2O7 in 10 litres of RO distilled water) 
Flow rate of solution through the bed = 1 litre/min 
 
Table – 8  Comparison of  Conc. of soln. at different time interval (Initial soln. conc. = 500ppm) 
Sl.No. Time 
(in hrs.) 
Adsorbent size : 
(- 30 +10) ISS Mesh 
Adsorbent size : 
(- 50 +30) ISS Mesh 
Adsorbent size : 
(- 70 +50) ISS Mesh 
Concentration 
(in ppm) 
Concentration 
(in ppm) 
Concentration 
(in ppm) 
1 0.5 464.1 468.9 476.2 
2 1.0 437.9 450.2 459.1 
3 1.5 419.8 436.1 447.7 
4 2.0 404.7 423.8 439.0 
5 2.5 391.9 414.1 432.2 
6 3.0 380.6 405.9 425.8 
7 3.5 372.3 397.7 422.7 
8 4.0 364.5 392.8 420.9 
9 4.5 360.4 387.9 419.2 
10 5.0 356.3 385.3 417.1 
11 5.5 352.9 382.2 415.2 
12 6.0 351.1 380.0 413.3 
13 6.5 349.2 377.9 410.9 
14 7.0 347.9 377.1 410.0 
15 7.5 346.8 375.9 409.1 
16 8.0 345.9 375.1 407.9 
 
 CALCULATIONS : 
For (- 30 +10) ISS Mesh Saw Dust 
Metal Uptake Capacity = 500ppm 
Adsorption Capacity = (155 x 100)/500 = 30.8 %
For (- 50 +30) ISS Mesh Saw Dust 
Metal Uptake Capacity = 500ppm 
Adsorption Capacity = (125 x 100)/500 = 25 %
For (- 70 +50) ISS Mesh Saw Dust 
Metal Uptake Capacity = 500ppm 
Adsorption Capacity = (92 x 100)/500 = 18.4 %
 
Fig 15. Comparison of Cr
  
 
– 345ppm = 155ppm 
 
 
– 375ppm = 125ppm 
 
 
– 408ppm = 92ppm 
 
+6
  Conc. Vs Time plot ( Initial solution conc. = 500ppm )
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5.1 CONCLUSION 
Continuous fixed bed column studies were performed for removal of Chromium (VI) ion from 
water using different mesh size particles of saw dust. The study indicated the suitability of the 
adsorbent for removal of Chromium (VI) from aqueous solutions. The selected adsorbent may be 
viewed as a useful material while considering the economic aspects of wastewater treatment. The 
obtained results may be summarized as follows: 
1. The metal uptake capacity decreases with decrease in the initial concentration of Cr
+6
 
solution. However, the percentage of removal or the adsorption capacity is found to 
increase with lower initial concentration of chromium. 
2. The saw dust particles of size (-50 +30) ISS Mesh required 7  fixed bed columns of fresh 
saw dust (run for 8 hours over each bed) for the removal of Chromium ion from 500ppm 
to a value of as low as 2ppm.  
3. The observed order of metal uptake capacity as well as adsorption capacity of Cr
+6
 for 
saw dust of different ISS mesh size was as follows : (-30 +10) > (-50 +30) > (-70 +50) .  
These experimental studies on the specified adsorbent would be quite useful in developing an 
appropriate technology for the removal of Cr
+6
 ions from contaminated industrial effluents. 
 
5.2 FUTURE SCOPE OF WORK 
1. Similar continuous column studies can be performed for locally available saw dust of 
different trees to compare the metal uptake capacity and adsorption capacities. 
2. The metal uptake capacity and adsorption capacity can also be studied at different flow 
rates of the solution through the column bed and by also varying the bed height. 
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